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NOMENCLATURE

Denote constant ferms used to calculate R

4112523

ﬁLPHA Model angle of attack, deg

ALPHA-SECTOR, o_ Tunnel sector angle, deg -

b Model wall thickness, ft

BETA ' ‘ Model angle of sideslip, deg

' . g Btu

c Model wall specific heat, 1bm—°R

C.R. Center of rotation, axis about which
model is pitched in the tunnel

C1 Schmidt-Boelter calibration cbntant, mv/Btu/ftzsec,
Table 5

DELTBF ‘ Body‘flap deflection angle, deg

DELTAE Elevon deflection angle, deg

DELTSB Speed brake deflection angle, deg

DTW/DT Derivative of the model wall temperature
with respect to time, °R/sec.

E Schmidt-Boelter Gage output, mv

? GAGE NO Schmidt-Boelter Gage identification mumber

H(TR) ' Heat-transfer coefficient based on TR,
QDOT, Btu ‘
TR-TW ftz—sec°R

H(TT) ‘ . Heat-transfer coefficient based on TT,
QDOT, Btu
TI-1w ftz—sec-°R

H(0.95TT) Heat-transfer coefficient based on 0.95 TT

QDOT Btu

(0.95TI)-TW 2 op




NN LN

H(RTT)

HREF, H(REF)

MACH NO., M
MODEL

MU

z

0TS

PT -

QDOT

RUN

RN

RE RE/FT

RHO

ROLL-SECTOR, ¢

Heat-transfer coefficient based on RIT

QDOT -, Btu

RTT-TW ftz—sec—°R

Reference heat-transfer coefficient based

on Fay-Riddell theory, Btu/ft2~sec—°R, see
Appendix ITIL -

Axial feference length, in. (see Fig. 2)

Mach number at boundafy laYer edge
Eree stream Mach number

Model configuratioh

Free-stream viscosity, ]:b—sec/ft2

Direction cosines of the outward unit’ normal
vector at each measurement location on the
External Tank and SRB's. See Tables 3 and 4

Orbiter, external tank, and both solid rocket
boosters

Free-stream pressure, psia

Tunnel stiiling chamber~preséure, psia
Free-stream dynamic pressuré, psia
Heat-transfer rate, Btu/ftz—sec

Data set identification number
Recovery factor

Radius or analytical temperature ratio,
TR/TT

Refefence nose radius for HREF and STFR
calculations, (RN = 0.0175 FT).

Free—streaﬁ Reynolds number per foot, ft-1
Free-stream density, lbm/ft3

Tunnel sector angle of roll, deg



SRB

STFR

S.F.

TC-NO

THETA, 6
T1

TR

TT

/L

YAW

Solid Rocket Booster

Theoretical stagnation point Stanton number
for a 0.0175-ft ‘radius sphere.
calculated from Fay-Riddell theory

Schmldt—Boelter gage scale factor the rec1procal
of C1, Btu/ft2-sec/mv

Temperature, °R
. -0
Free-stream static temperature, R

Thin skin thermocouple identification number

Temperature at the edge of the boundary layer, °R

Model circumferential measurement coordinate,
deg (see Fig. 2)

Model initial wall temperaﬁure prior to injection
in the tunnel, °R -

Bodndary layer recovery temperature, °R
Free-stream total temperature, fR

Model wall temperature, °R

Free-stream velocity, ft/sec

Model axial coordinate, in.'
Nondimensionalized axial location

Model angle of yaw, deg

The included angle between the free stream
velocity vector and local unit normal to
the model surface, deg

Ratio of specific heats

Model wall density, lbm/ft3

CONFIGURATION ~ 0TS + Tr + TVC

*0TS

Tr

TVC

0.0175 scale orbiter, External Tank, right
and left Solid Rocket Boosters (SRB)

Transition strips (SRB's and Orbiter)

Thrust Véctor Control Pods on left SRB



*0TS B W
62 €12 M16 "116 Bs2 Vg Rig Fro T3g S26

‘B62 ~ Fuselage

'C12 -~ Canopy

M16 ~ OMS Pod

®16 ~ Wing . ‘
E52 - Elevon

V8 - Vertical tail

318 — Rudder

F10 - ?ody flap

T38 - External Tank (Spike Hose)
S, — Solid Rocket Booster -

'




1.0 INTRODUCTION

The work reported herein was performéd by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC), under
Program Element 921E01, Control Number 9EO1, at the request of the
Johnson Space Center (NASA—JSC(ESB)), Houston, Texas. The NASA-JSC
(ES3) program manager was Mrs. Dorothy B. Lee and the Rockwell
International test engineers were Mr. C. R. Leef, Mr. John Marroquin,
and Mr. E. C. Knox.  The results were obtained by Calspan Field Services,
Inc./AEDC Division, operating contractor for the Aerospace Flight
Dynamics testing effort at the AEDC, AFSC, Arnold Air Force Station,
Tennessee. The tests were performed in the von Karman Gas Dynamics
Facility (VKF), under AEDC Project No. C767VA.

, The test was performed in the 40-in. Supersonic Wind Tunnel (A) at
the von Karman Gas Dynamics Facility (VKF) during the time period
October 18-19, 1982,

The configuration tested was the 1.75 percent scale 60-0TS Inte-
grated Space Shuttle model. The test was divided into two phases.
The objective of the first phase (PHASE A) was to obtain heating data
in locations where developmental flight instfhmentation (DF1I) had been
placed on the full scale External Tank, Solid Rocket Boosters and
associated hardware and support structure. Data were obtained over the
] Mach range 2.25 to 4.00 at free stream unit Reynolds numbers of 3.7 x
U ‘ 106 to 5.7 x 106 per foot. Nominal launch pitch and yaw attitudes
from STS 1-4 were duplicated during the course of the test. The objec~
tive of the second phase (PHASE B) was to obtain walidation data for
the STS integrated vehicle aeroheating design methodology as well as
heating data on and around the external TVC Pod located on the skirt
of the left SRB. Data were recorded generally at free stream Mach
numbers of 3.00 and 4.00 and free stream unit Reynolds numbers of
3.7 x 109 and 4.00 x 10 per foot respectively. The model attitude
was varied over the range +5 to -5 degrees angle of attack and +6 to
-6 degrees angle of yvaw.

A summary of the test data transmitted is shown in Table 1.
Inquiries to obtain copies of the test data should be directed to
. NASA-JSC (ES3), Houston, Texas 77058. A microfilm record has been

retained in the VKF at AEDC.

2,0 APPARATUS
2.1 TEST FACILITY

Tunnel A is a continuous, closed-circuit, variable density wind
tunnel with an automatically driven flexible-plate-type nozzle and a 40-
by 40-in. test section. The tunnel can be operated at Mach numbers from
1.5 to 6 at maximum stagnation pressures from 29 to 200 psia, respectively,
and stagnation temperatures up to 750°R (M = 6). Minimum operating pres-—
sures range from about one-tenth to one-twentieth of the maximum at each




Mach number. The tunnel is equipped with a model injection system which
allows removal of the model from the test section while the tunnel remains
in .operation. A description of the tunnel and airflow calibration infor-
mation may be found in Ref. 1. A schematic view of Tunnel A and the model
injection system is shown in Fig. 1, Appendix I.

2,2 TEST ARTICLE

The 60-0TS model is a 0.0175 scale thin skin,fhermocouple model of
the Rockwell International Vehicle 5 Configuration (Fig. 2). = The 60-
0TS configuration tested was composed of the following Rockwell component
buildup: OIS = 62 16 116 52 8 18 10 38’ 26° The model was

constructed of 17 4 PH stainless steel with a nominal skin thickness of
0.030 in at all instrumented areas except the intertank area. A new
instrumented corrugated intertank, Fig. 2b, was fabricated for the test.
Effective skin thickness of this section was 0.040 in. . In addition,
the external tank was configured with the 30 deg/10 deg spiked nose
tip, (Fig. 2b). - For Phase B,instrumented Thrust Vector Control Pods
(TvC) (Fig. 2d) were added to the aft skirt of the left. SRB.

Orbiter elevon deflection angles of zero and 10 degrees were run
throughout the test. The orbiter speed brake and body flap were set
at zero degrees deflection.

Boundary layer trips were used on the orbiter and each SRB to
generate a turbulent boundary layer (Fig. 2e). The trips consisted
of 0.025 in-diam balls spaced on 0.075 in. centers. Trips for the
SRBs were attached to form fitted steel rings while trips for the
orbiter were attached to a steel strip. Axial locations of the trips
on the SRBs were at X/L = 0.033 and X/L = 0.040 for the orbiter.

An installation photograph of the 60-0TS model in Tunnel A is
shown in Fig. 3a and an installation sketch of the model 1is shown in
Fig. 3b. :

2.3 TEST INSTRUMENTATION

The instrumentation, recording devices, and calibration methods-
used to measure the primary tunnel and test data parameters are listed
in Table 2a along with the estimated measurement uncertainties. The
range and estimated uncertainties for primary parameters that were
calculated from the measured parameters are listed in Table 2b.

The 60-0TS model was instrumented with chromel-constantan thin-
skin thermocouples (30 gage wire) and 0.050 in.-diam thermopile
Schmidt-Boelter heat transfer gages. Schmidt-Boelter gage instrumen-—
tation was placed in locations not instrumented on previous space
shuttle tests such as struts, cable trays and other support structure
and protuberances.
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The Extermal Tank was instrumented with 141 thin skin thermo-
couples and 28 Schmidt Boelter gages. Instrumentation was composed
of gages and thérmocouples carrying the 600, 700,. 2000 and 5000 series
designation numbers. Instrumentation location is:depicted in Fig. 4a
for the External Tank and in Figs. 4b-4f for the support hardware,
i.e., ‘bipod strug cable tray, thrust struts, etc.

The SRBs were 1nstrumented as follows: the right SRB (Fig. -5a)
contained 30 thin skin thermocouples and 7 Schmidt-Boelter gages. " The
left hand SRB (Fig. 5b) contained 32 thin skin thermocouples and 12
Schmidt-Boelter gages —~ this included 5 Schmidt-Boelter gages installed
on the TVC pods (Fig. 5c¢). Right SRB instrumentation was composed. of
the 3000 series designation numbers while the 4000 series designation
pertained to the left SRB. Instrumentation location on associated
SRB hardware (support struts,kick rings, etc.) is illustrated in Fig.
5d-51i.

Instrumentation for Phase A consisted of 174 thin skin thermocouples
and 41 Schmidt-Boelter gages from the ET and SRBs, while Phase B instru-
mentation consisted of 164 thin skin thermocouples and 46 Schmidt-
Boelter gages. Instrumentation locations for Phase A and B are given
in Tables 3 and 4, respectively. -

_ The Schmidt-Boelter gages were developed by Medtherm Corporation
of Huntsville, Alabama. The gage is a direct reading heat flux gage
with a chromel-constantan thermocouple vapor deposited on the gage
surface. The addition of the thermocouple to the gage allows measure-
ment of surface temperature and heat flux. simultaneocusly. The princi-
ple of operation of the gage is based on axial heat conduction from

the gage surface to a heat sink embedded within the gage. The dif-
ference in temperature between two points along the path of heat flow
from the surface to the sink is proportional to the heat transferred
and therefore the heat flux absorbed. At two such points the Medtherm
gages have thermocouple junctions which form a differential thermo-
electric circuit providing a self generating EMF between the two output
leads directly proportional- to the heat transfer rate. The gages were
built in place and are therefore an integral part of the 60-0TS model.
Schmidt-Boelter gage calibrations were performed by the Medtherm corpora-
tion. The resulting calibration constants are presented in Table 5.

3.0 TEST DESCRIPTION
3.7 TEST CONDITIONS

A summary ‘of  the nomlnal test condltlons for Phase A and Phase B
is given below:

M PT, psia TT, ° P, psia T, °R Re/ft x 1070
2.24 23 637 2.0 318 4.2
2,50 26 649 1.5 289 4.0
2,75 31 650 1.2 258 4.1
3.00 34 675 0.9 240 3.8
3.00 36 723 1.0 256 3.7
3.00 : 52 683 1.4 243 5.7
3.24 . 45 725 0.9 234 4.0
3.50 55 729 0.7 211 4.2

- 3.77 61 ) 738 0.6 192 4.0

4,00 72 738\ 0.5 174 4.1



Data were obtained on the External Tank and Solid Rocket Boosters
over the attitude range -5 to +5 degrees angle of ‘attack and -6 to 6
degrees angle of yaw. Yaw angles were achieved by pitching and rolling
‘the model. '

A test summary showing the configuration tested and the variables
for each run is presented in Table ‘6. :

-

3.2 TEST PROCEDURES . L

3.2.1 General

In the VKF continuous flow wind tunnels (A, B, C), the model is
mounted on a sting support mechanism in an installation tank directly
underneath the tunnel test section. The tank is separated from the
tunnel by a pair of fairing doors and a safety door. When closed,
the fairing doors, except for a slot for the pitch sector, cover the
opening to the tank and the safety door seals the tunnel from the tank
area. After the model is prepared for a data run, the personnel access
door to the installation tank is closed, the tank.is vented to the
tunnel flow, the safety and fairing doors are opened, and the model is
injected into the airstream. After the data are recorded, the model
is retracted into the tank and the sequence is reversed with the tank
being vented to atmosphere to allow access to the model in preparation
for the next run. )

3.2.2 Data Acquisition

The initial step prior to recording the test data was to cool
the model uniformly to approximately 15°F with cooled high pressure
air. This was accomplished by positioning the model in the Tunnel A
cooling manifold and bathing the model in chilled high pressure air
from a Vortex generator (Hilsch Vortex tube, Ref. 2). The cooling
manifold, which is normally located to the side of the model, was
modified such that it was supported off the tank floor (Fig. 6).
This modification allowed the model attitude to be set while model
cooling was being performed. The model was then injected directly
out of the cooling enviromment into the tunnel flow. (This procedure
allowed the attaimment of much colder model wall initial temperatures.)
When the model reached tunnel centerline, it was translated forward
to clear the area of tunnel induced shock impingement. The instrumenta-
tion outputs were scanned approximately 15 times per second, starting
just before the model reached tunnel centerline and continuing until
the model reached the full forward position in the tunnel (about 5
seconds after centerline). The model was then retracted into the tank
area below the tunnel and the cooling cycle begun to cool the model to
an isothermal state.

The model data were acquired using a 256 channel analog to digital
multiplexing system. These measurements as well as tunnel flow meas-
urements, model attitude measurements and time were processed by the
Random Access Data Acquisition System (RADS) PDP-11 minicomputer and
recorded on disc memory for transmission to the facility computer
(DEC-10) for data reduction.

e =



3.3 DATA REDUCTION

3.3.1 Tunnel Parameters

Measured stilling chamber pressure and temperature and the cali-
brated test section Mach number are used to compute the free stream
parameters. '

3.3.2 Thin Skin Measurements - v : -

The reduction of thin skin temperature data ‘to coefficient form
normally involves only the calorimeter heat balance for the thin skin
as follows: ' : ' o

QDOT = pbc(DTW/DT) | 1
.H(TR) = ggg%w = pb'crngTg/DT) -

Thermal radiation and heat conduction effects on the thin-skin-
element are neglected in the above relationship and the skin temperature
response 1s assumed to be due to convective heating only. It can be
shown that for constant TR, the following relationship is true:

d TR-TT} _ DTW/DT | ’
a 1° [TR—T&] " TR-TW 3

‘Substituting Eq. (3) in Eq. (2) and rearranging terms yields:

H(TR) _ d TR-TT] - o
pbc ~ dr 1° [TR—TW] (4)

By assuming that the value of H(TR)/pbc is a constant, it can be seen
that the derivative (or slope) must also be constant. Hence, the term

v 1 | IR=TIL
TR-TW
is linear with time. This linearity assumes the validity of Eq. (2)

which applies for convective heating only. The evaluation of conduc-
tion effects will be discussed later.

The assumption that H(TR) and c are constant 1is reasonable for
this test although small variations do occur in these parameters. The
variations of H(TR) caused by changing wall temperature and by. transi-
tion movement with wall temperature are trivial for the small wall
temperature changes that occur during data reduction. The value of
the model material specific heat, ¢, was computed by the relation

c = 0.0797 + (5.556 x 10-5)TW, (17-4 PH stainless steel) ‘ (5)

10



The maximum variation of ¢ over the curve fit was less than 1.5 percent,

Thus, the assumption of constant ¢ used to derive Equation 4 was reason-
- able. The value of density used for the 17-4 PH stainless steel skin

was p = 490 1bm/ft3, and the skin thickness, b, for each thermocouple

is listed in Table 3 for Phase A and Table 4 for Phase B.

The right side of Equation 4 was evaluated using a linear least
squares curve fit of 15 consecutive data points to determine the slope.
The curve fit was started at approximately the time the model arrived
on tunnel centerline. Data acquisition and curve fitting were continued
for about 5 seconds after centerlineji.e., until the model reached the
full forward position in the tunnel. H(TR) was then calculated for
each thermocouple from the resulting slopes and the appropriate values
of pbe;

H(TR) =(pbc)g€ ln[ﬁ:% . | (6)

Reduction of the final dataji.e., the values listed in the tabulated
data, was delayed in time until all thermocouples influenced by the
tunnel induced shock had been translated forward out of this region

of tunnel flow. For.the External Tank, reduction of those thermo-
couples between 0 < X/L £ 0.2 was. reduced at centerline and those
thermocouples between 0.2, < X/L < 1.00 were delayed approximately 2.5
seconds after model arrival on tunnel centerline.  For the SRBs,

data reduction of thermocouples located between O,§_X/L < 0.113 was
started at centerline and delayed approximately 2.5 seconds for thermo-
couples located between 0.113 < X/L < 1.00.

To investigate conduction effects, a second value of H(TR) was
calculated one second later than the value under consideration for
final tabulated data. A comparison of these two values was used to
identify those thermocouples that were significantly influenced by

- conduction or system noise. In additiom, timewise variation of H(TR)
was monitored to insure that the final data were reduced during a time
period where H(TR) was constant. Those measurements significantly
affected were then deleted from the final data. In general, conduction
and/or noise effects were found to be negligible.

3.3.3 :Schmidt-Boelter Measurement

Measurements obtained from the Schmidt-Boelter gages; i.e., gage
output, E, and surface thermocouple output, were used to calculate the
incident heat flux (QDOT), wall temperature (IW) and heat transfer
coefficient in the following manner. "The gage output and surface
thermocouple were sampled five consecutive times and then averaged.
This procedure began when the model was at approximately tumnel center-
line and continued until translation to the full forward position in
the tunnel was achieved (about 5 seconds; i.e., the same fashion as
the thin skin thermocouple data). The average values of the gage output
E were then related to the incident heat flux (QDOT) through the gage
scale factor.

QDOT = (S.F.)(E) : ()




The scale factor is equal to the reciprocal of the gage calibration
constants (C1) listed in Table 5. ’

S.F. =>1/c1 : ’ (8)

Using the same averaging procedure an average value of gage surface
thermocouple output was obtained. The average values were then
related to the wall temperature (TW) through the use of a fifth degree
polynomial curve fit of the NBS (National Bureau of Standards) tables
for a chromel-constantan thermocouple. The heat transfer coefficient
for each average value was calculated from the following equation:

QDOT

(TR-TW) (%)

H(TR) =

‘Final data reauction, i.e., those data listed in the final data package,

was delayed in time for the Schmidt-Boelter gages in the same fashion
as used for the thin skin thermocouple data. Again this was done to
insure that those gages which might be influenced by the tunnel

induced shock were out of this region of tunnel flow. Timewise varia-
tion of H(TR) versus time for the various Schmidt-Boelter gages was
monitored to insure that the final data were reduced during a time
period where H(TR) was constant. For cases where either the gage out-
put or surface thermocoupie was faulty, that particular measurement

was deleted and likewise the calculation of heat transfer coefficient.
The remaining valid measurement was then tabulated.

3.3.4 Recovery Temperature and R Factor

The maximum available tunnel stagnation temperature for each Mach

.+ number tested is listed in Section 3.1. With these relatively low stag-

nation temperatures, the difference between the model wall temperature
and recovery temperature was generally small, even in regions of peak
heating. This small temperature difference caused the calculation of the
heat~transfer coefficient to be very sensitive to deviations from the
actual recovery temperature. Since the actual value of the recovery tem-—
perature (TR) at each measurement location is not known, three assumed
values of TR are used to calculate the local heat transfer coefficients.
They are TR = TIT, 0.95 TT, and RTT where R is defined by the analytic

tempefature ratio ‘%%. The analytic method for determining R was

developed by Rockwell International. In this method the following rela-
tionships were.assumed: ’

‘ = o .
R =TT , : (10)
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and

; oYl w2y
TR = T 1+ » r M ) _ (11)

r = 0.898 for turbulent flow

with r being the recovery factor and the subscript e identifying local
| ' properties at the boundary-layer edge. From these relationships, the
| : temperature ratio can be defined as: : T

A 1+ o02ru’ A

1+ 0.2 M

which is a function of the recovery factor and the local Mach number.,
The local Mach number can be written '

M, =M, S) o ' (13)

-

vhere 8 is the local surface angle of attack.

? The local Mach number can be approximated by using tangent cone
flow theory, and was used in Equation (12) to give R as a function of
g% , M and §. Calculations of R were made for several values of M. and §,
and the results were curve fit by Rockwell Intenjatlonal The follow-
ing equation resulted
43
* (sinm §) (14)

R(M, §) = a, + a,.

where a; a, and aj are constants for a particular Mach number. Turbu-
lent ‘values of ay a, and aq for this test were provided by Rockwell

International and are as follows:

=

: a1 & 82 3
2.25 0.950 1.0-a, 2.322
2.50 10.944 | 2.275
2.75 0.938 ' 2.222
3.00° 0.934 . 2.165
: 3.25 0.930 ' 2,115
3.50 0.927 , _ 2.070
3.75 0.925 | 2.015
4.00 0.922 \ 1.965




The angle § is the included anglé between the free stream velocity
vector and ‘the local normal to the model surface. ¢ was computed
using the. following equation )

g o sind + N s (-
§ ='sin {[Nxcosocs Nyslnoc551n¢ + N231nocscos<b] ( 1)}

where N , N and N are the direction cosines for the local unit normal.
Values of Nz, N_ afd Nz for each thin skin thermocouple and Schmidt-
Boelter gage is’tabulafed in Table 3 for Phase A .and Table 4 for Phase B.

For values of §£0 RE= a,.
For R values > 1.0 R = 1.00

Values of heat transfer coefficient H(TT), H(0.95TT) and H(RIT) were
normalized using the Fay-Riddell stagnation point heat transfer coef-
ficient H(REF). The calculation of H(REF) was based on a hemispherical
nose radius of 0.0175 ft model scale (1.0 ft full scale). Definition of
the calculation of H(REF) is given in Appendix III.

-

3.4 UNCERTAINTY OF MEASUREMENT

In general, instrumentation calibrations and data uncertainty esti-
mates were made using methods recognized by the National Bureau of
Standards (NBS). Measurement uncertainty is a comblnatlon of bias and
precision errors defined as: -

U= *(B + t958)

where B is the bias 1imit, S is the sample standard deviation and t

is the 95th percentile point for the two-tailed Student's "t'" distri-=
bution (95-percent confidence interval), which for sample sizes greater
than 30 is taken equal to 2.

Estimates of the measured data uncertainties for this test are
given in Table 2a. The data uncertainties for the measurements are
determined from in-place calibrations through the data recording
system and data reduction program.

Propagation of the bias and precision errors of measured data
through the calculated data was made in -accordance with Ref. 3 and
the results are given in Table 2b.



4.0 DATA PACKAGE PRESENTATION

. Convective heat-transfer-rate distributions were obtained on a
0.0175 scale model of the Space Shuttle Integrated Vehicle. The final
tabulated and photographic data were transmitted .to NASA-JSC and
Rockwell International with this report. Examples of the tabulated
data for the thin skin and Schmidt-Boelter gage measuremerits are pre-
sented in Appendix IV. A photographic log correlating yoll number and
run. number is presented in Table 7. : -

Representative data from the top centerline of the External Tank

(6=0 deg) are presented in Figs. 7 and 8 for M = 3.00 and 4.00, respec-
tively. The data from the current test (IH-97) are compared with data
from previous entries in Tunnel A i.e., IH 72 and IH-85 as well as
turbulent theory of Refs. 4 and 5. The data pertain to the integrated
vehicle while the theory was calculated for interference free tank alone.
Agreement of the IH-97 with previous data and theory (ipstream of inter-
ference regions)is considered good for validation of the basic results.
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TABLE 1.

Data Transmittal Summary

The following items were transmitted to the following:

;Item:

Test Summary Report

' Data Package -

Final Data Tape
Installation Photos

Model Photographs

Mrs. D. B. Lee
NASA/JSC

E33

Houston, TX
77058

No. of Copies
1
1

70 mm shadowgraph and Schlieren.

Stills
Contact Prints

- Duplicate Negative

Mr. Paul Lemoine
Rockwell Inter-
national Space
Division

12214 Lakewood Blvd.

Downey, CA 90241

No. of Copies

Mr. E. C. Knox

Rockwell InternationaT
. Space Division
3322 S. Memorial Pkwy. .

Huntsville, AL

No. of Copies
1 ,
1

Mr. L. D. Foster

NASA/MSFC
Huntsville, AL
35218

No. of Copies



PROJECT NUMBER

C767VA

TESTING COMPLETED 10/19/82

MEASUREMENT UNCERTAINTY

DATA QUALITY CERTIFIED:

*REFERENCE: Thompson, J. W. and Abernethy, R. B. et al. "Handbook Uncertainty in Gas Turbine Measurements." AEDC-TR-73-5, Pebruary 1973

NOTES:

GC-35 (Combines GC-35 & GC-120) 1/82

Previous editions will be used

arsc
vt A7S Toun

TABLE 2 ORIGINATOR_ W- K. Crain  parg 11/30/82
TABLE COMPLETED _11/30/82 CHECKED BY_K. ¥W. Nutt DATE 11/31/82
ESTIMATED MEASUREMENT*
Precision Index + Bias Uncertainty
*(5) +(B) +(B + tgsS)
Parameter ; - : T Range Type of Type of Method of ‘
Designation +» o) o E W “ e + e - L3 Measuring Device Recording Device System Calibration
s = O M+ =] [ = O 3 = = O b
Q -t e [ il [ o) ae [ - as
SR -] - n o SR =] 0N e QT + 0D
0w - S B O MO0 - & E O a g B
Q) Q = O ™ -1} A = Q{ [ s O '
- SE gwm| & o= SE [ =R
PT,psia 0.007 >30| 0.2% +{(0.2% + 0.014) 60 Bell & Howell Digitai Data acquisi- In-place appiieation
0.017 >30| 0.2% +(0-2% + 0.034) 150 |Force Balance tion system analog-to- |[of multiple pressure
Pressure Trans- digital converter levels measured with
ducer pressure measuring
device calibrated in
X . the standards labora-
. tory
'.l‘T,DF 1 >30 2 4 0-300 Chrouel®-A1ume1® Doric temperature Thermocouple verifica-
s Thermocouple ins trument digital tion of NBS conformity/]_
multiplexer voltage substitution
' -{calibration
TW,OF 1 >30 2 4 0-300 Chrome1®- Thermoplexer/Multi- Voltage substitution
(Thin skin only) Constante verter/RADS/DEC 10 calibration, secondary
. Thermocouple System standard
Time Code 5x10-4 {>30 Runtime(sec&xsx E‘tuntim (sec)x5x |ms-365 |Systron Donner Digital data acquisi- Instrument lab calibra-{
Generators,sec ' - 10~ 10-6] + 10-3 days |time code genera- |tion system tion against Bureau of
X . tor Standards
Sector pitch 0.025 >30 0.05 +15 Potentiometer Digital data acquisi- Hiedenhain rotary
angle,deg i tion system analog-to- |encoder ROD 700 °.
Sector roll angle, 0.015 >30 0.3 +180 digital converter Resolution: 0.00?6
deg \ e Overa%l accuracy:.
0.001 :
{



LY

TABLE .

Concluded

b. Calculated Parameters

STEADY-STATE ESTIMATED MEASUREMENT*

2.

Due to the geometry of

Use of the Schmidt-Boe]
dlameter protuberance
quoted.

hTreas.

this area only "effectiye" si

L ter gages 1s a relatively ney

Consequently uncdrtain

Hn thicknesses were supj

and unproven technique
ty on the Schmidt=Boelte

1lied. :

r gage measurements is

especially in the smalj
hot

Precision Index Bias Uncertainty
HS) +(B) (B + tg5S)
Parameter 1 - " - - o
Designation - 9o, : g % 2 o g‘é s @ o,
8&4; + 3 g m.g OB s 0no [l R Range
598 | 25° |8 5°3 | 237 | :°% | :if
[ [}] =
o & =3 2 [ D= .g: 3 =
M 0.008 o+ 0.016 A1l
RE,ft~1 0.50 0.2 1.2 All
H(0.95TT) ,BTU/£t2-sec 10 1072
' 11 10-3
T
(Thin skin only) 12 1074
NOTES:
‘ : ‘ S \ .
1. VUncertainty for the thin-skin measurements in the External Tank corrugated Intertank area is undetefmined.

: —
'Abernethy, R. B. et al. and Thompson, J. W. "Handbook Uncertainty in Gas Turbine Measurements."
AEDC-TR-73-5 (AD 755356),. February 1973.

+ Assumed to be zero

.
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Gage,

¢ No.

3u01
3002
3003
3004
3008
3006
3007
3008
3009
3010
3011
30172
4013
4014
4u15
4016
4017
4018
4019
4020
40721
026
5103
49023
4024
4025
4026
4027
4028
3224
3226
3227
3228
32729
323¢
3231
3232
3233
3234
3235
37236

3237

3238
3239
3240
4208
4209
4210
4211
4212
4213
4414
4215
4216
4217
4218
4219

TABLE 3. Phase A Instrumentation and Constants

Skin
Thickness

(in.)
0.0295

0,0300

0,0300
0,0290
0.0290

00,0290

0.0310
0.,0315
0.0320
0.0310
0.03C0
0.03C0
0.0285
00,0285
0,0290
0.02%0
00,0295
.0290
00,0295
00,0290
0.0310
0.,0320
0.03%20
0.0315
0,0300
0.,0300
0,0295
00,0300
0.0320
0.0324
0.,6290
00,0295
0.0290
0,0285
0.,0310
0.0326 -
00,0290
0,0285
00,0295
0.,0%295
0,028B0 -
00,0300
00,0285
0,0290
0,0306
0.0300
0.0290
00,0290
00,0320
0,0300
0.0295%

"0.,0300

00,0300
0.0300
0.0350
0.0295
0.0300

X/L

0,1990
0.1990
0.199%0
00,4980
00,4980
0.6920
0,9740
0.,9880
0.9880
00,9880
0,9880
0.9940
0,0000
0,0081
G,0497
00,0503
0,0578
00,0578
00,0656
0,108%
00,1080
0,0440
0.6250
0.,1265
0,3906
0.599¢
0.5990
0,5990
0.9540
0,046%
0.10806
0.,1502
0.,151¢
0.1680
0.,1623
0.1651
0,2385
00,4240
00,6090
0,7420
0.74290

"0.8330.

0.,9720
0.991¢0
0.,9910
0,0462
0.0462
0,0462
00,1080
0.1518
00,1518
0.,1623

0.1651

0.2385
0,4240
0,6090
6,7420

0
(deg)

90.0000 "

135.0000

180,0000

90,0000
180.,0C00
90.0000
4,0000
90,0000
135,0000
182.0000
270.0000
53.00C0
0.0000
0.0000
54,0000
74,0000
180,0000
352.0000
72.0000
00,0000
45,0000
0,0000
0.000G0
46,0000
260,00060
00,0000
99,0000
279.0000
18,0000
45,0000
90,0000
180.0000
144,0000
105,0000
324,0000
330.0000
135,0000

180.000¢0)

180.,0000
0.0000
90,0000

0.0000

45,0000
95.00u0
315.,0000
6.0000
90.0000
270,0000
10,0600
0,0000
140,0000
110.0000
330,000
225.0000
180.0000
180.0000
180.,0000

Nx
0.06000
0.0n00
0.0000

0.0000. -

0.0000
-0,3201
~0,3201

=0.3201

0.3201

-0.3201

=-0.,3201
-1.,0000
=-0,3090
-0.3090
«0,3090
-0.3090
-0-3090
«0.30%0
-0.3090
=0,3090
0.0000
0.0000
~0.0000Q
0.0000Q
0.0000
0.0000
0.0000
=-0.3201
-0.3090
-0,3090
0.0000
0.0000
0,0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
-0,37201
-0,3201
-003200
=0.3090
=0.3090
—0-3090
=0.,3090
0.0000
0,0000
00,0001
0.0000
0.0000
0.0000
0.0000
0.0000

Ny

=1.,0000

-007010
U,0000
=1,0000
0,0000
=1,0000

-0,Ub661

-0,9474
~-0,0h99
0.,u331
U.,9470
-0,7566
0,0000
0., U000
U,7690
0,9140
U,0000
-y,1324
0,9045
0,0000
V.,6725%
0,0000
VU,.0000
0.7193
-0,9850
0,0000
0,98/7
-0,9877
00,2928
-0,.6725
V.Y511
U,0000
-0,.5878
-0,9659
v,5R78
0.5000
-0,7071
00,0000
V,0000
0.,0000
-1,0000

00,0000 -

-0,60699
-0,9438
00,0699
0,0994
-0,9511
=0,9511

0,1651

0,0000
U,0428
0.93917
-0,5000
-0,7071

0,0000

0.0000
0,0000

N
0.0000
=-0,7070
=1 10000
V.0000
-1.0000
0,0000
0.9451
90,0000
-0.6699
-U,9468
0.0000
0.5702
=-1.,0000
0,9510
0.5590
0.2621
~0.9511
U.5418
0.2939
0.9511
0.,6725
1.0000
1.0000
0.0947
-0,1736
1.0000
-0,1564
0,1564
0.9010
0.,6725
0.0000
-“1.,0000
-0,5090
-U,2588
0.8090
0.6660

-007071 .

-1,0000
-=1.0000
1.00600
00,0000
1.0000
~(),0826
V.6699
0.9458
0,0000
0.0000
0.9366

1.0000

-0.,7660
~(0.3420

V.8660
«“0,7071
«1,0000
=-1.0000
-1,0000
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4220
4221
4222
4223

5030

5031
5033
5034
‘5446
5247
5248
S5U45
5046
5047
5048
5049
5050
5051
5052
5249
5250
5251
5252
963
600
601
5152
5153
5154
5155
5156
5157
5158
51549
8160
5161
5162
5163
029
5165
5166
5167
5168
5169
5170
5171
5172
5173
627
630
5176
5177
5173
5179
5180
5185
5077
5073

0,0300
00,0319
0,6310
0.0315
0,0315
0,0324

00,0325

0.0320
0,0314
0,0324
0.0290
0,0315
0,0305

¢.0325% -

0.G323
0,030
0.,0300
00,0300
0.,0305
0.,0300
00,0300
00,0310
06.0327
0,0296
00,0344
0,0336
0.0315
0.0308
0.0313
0,0332
0.0331
00,0300
0.0348
0.0328
0,04G0
0,040G0
0.,0319
0.0314
0,0310
0.0310

0.,0310

0,0310
00,0308
0.0310
0.0330

0.0329

00,0330
0.0337
0.0315
0.0310
0.,0330
0.0326
0.0327
0,0326
0.,0327

- 0.0295

00,0400
0.0400

‘

TABLE 3.

0,8330
0.9729
0.,9720
0,9720
0,0760
90,0760
0.1871
00,2700
0.0760
0.,16871
0.2700
0,6295
00,6295
0.9078
00,9150
0,9275

00,9373

0,9373
0.9373
0.4350
0.44490
0.6300
0.B370
0,0257
0.0366
0,0501
0,0664
0.0826
0,0257
0,0414
0,0507
0.0604
0,0805
0,0913
0,4300
0,4300
0,4468
0,4609
0,4550
0,4609
0.4755
0.4755
0.4896
0.4896
0,8261

0,8402°

0.8607
0.4450
0.4600
0.8786
00,8786
0.878¢6
00,8922
0,8960
¢.,9274
0.2900

0.3000

Continued
180,u000 0.0000
90.0000 ~0.,3201
135.0000 -0,3201
166,0000 -0,3201
174,0000. -0,4790
264,0000 -0,4790
270.,0000 -0,1440
270,0000 0.0n00
25,0000 ~0.5020
88,2500 -0,1440
00,0000 0.,0000
172.5000 0.0000
264 ,4000 0.0000 .
168.8000 0,0000
5.6000 0.0000
356.3000 0.0000
5.6000 0.,0000
276,0000 20,0000
340,6000 0.0000
. 0.00060 0.00090
358,0000 0.0000
352.5%000 00,0000
310,0000 0.0000
0,0000 -0,6R30
0.0000 -0,5070
0.,0000 =-0,5570
0.0000 ~ «0,5080
0.0000 00,4590
25,0000 -0,6330
25,0000 00,5830
25,0000 ~0,.,5550
25.0000 -0.526uv
25.0600  =0.4650
25,0000 -0,4320
17.0000 0.0000
343,1200 0,.0000
20,0000 0.0000
20,0000 0.0000
0.0000 00,0000
331.0000 0.0000
20,0000 00,0000
332,0000. 0.0009
20,0000 0.0000
331,0000 0.0000
332.0000 0.0000
18,0000, 0.0000
331.0000 0.0000
20,0000 0.0000
0.0000 0.0n0v
0.00600 0.0000
20,0000 0.0000
358,0000 0.0000
331.0000 0,000¢0
1B 000G 0.0000
332.0000 0.0000
48,0000 00,0000
280.00G0 0.0n00
280,0000 0.0000

00,0000
¢,9474
V,0679
0,2292
0.0920
-0,8730
=-0,9900
-1,0000
0,3650
-0,1420

0.0000

U.,1310
-0,9950
0.,1940
0.0980
- U650
0,V980
-0,9950
-0,3320
0,00u0
-0,0350
-0,1310
-0,7660
u,0000
U, U000
00,0000
00,0000
U, J0uo0
0,3280
V,3430
U,3520
U,3600
00,3740
0,3810
V,2920
~U,2900
U,3420
00,3420
U,0000
=-0,4850
U,3420
=0,4690
00,3440
-0,4850
-0, 4HhY0
00,3090
-0,4850
00,3420
U,0000
00,0000
0,3420
=(),0350
-U,4850
U,3090
-0,4690
00,7430
- ,9850
-Y,9850

=1.0000
0.,0v000
'0.0679
“0.9193
-0.8730
"0.0920
U.0000
0.0000
0.7840
0.97390
1.0000
-0,9910
-0,0980
-0.9810
0.9950
U.9980
0.9950
0,1050
0.,9430
1.0000
0.9990
0.6430
0.7760
V.8020
U.8310
0.8620
0.8890
0.7040
U.,7360
V.7540
Ve7710
0.8020
0.8170
0,9560
“0.9570
0.9400
0.,9400
1.0000
0.8750
0.9400

U, 8830

00,9400
0.8750
0.8830
V.9510
0.8750
V,.9400
1.0000
1.0000
0.9400
0.9990
0.8750

0.58830
V.6690
0.1740
0.1740
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5074
5075
5076
5077
5073

5079

5080
5081
BO82
5G83
5084
5085
5086
5087
5088
635
5109
5110
5111
5112
‘5113
5114
5115
5118
85119
5120
5121
5122
5123
5124
034
5126
5127
51289
5129
5130
5131
5132
5133
5134
5504
5508
5512
5515
5534
5535
85537
633
5539
5253
5254
632
5257
5258
628
631
3261
4063

0.,0400
00,0400
0.0400
0.040¢
00,0400
0,0400

00,0400

0.0400
0.,0400
00,0305
00,0305
0,0400
00,0400
00,0400
0,0400
00,0295
0.,0329
0,0329
0,0310
0.,0285
00,0305
00,0329
0,0330
0,0305
0.0310
0.,0285
0.0305
0.0305
0.0335
0,0337
0.0310
00,0290
0.0340
00,0340
0,0339
00,0300
00,0339
00,0340
1.,0338
0, 02860
00,0400
0.0305
0,0310
0.G315

- 0.0337

00,0338
0.,0310
0.031¢0
0,0341
0,0321
0.0323
0,031¢0
0.0325
0.,0315
0.0310

.0.,0310

0,0322
0.5040

0,3100
0,3200
0,3300
0,3400
0.3500
0.3600
00,3700
0,3850
0,3950
0,4700
0,.%000
0,3950
0.,4310
0.3950
60,3900
0.5500
0.8800
0,8800
0,9380
0.93380
0.9380
0,8800
0.4800
00,9260
0,9260
0.9380
0.9380
0.9380
0,8000
0.,8400
0.,5000
00,9260
0.8000
00,8400
0.8600
0,92¢0
00,8000
0.8400
0.,8800
0.9260
0.,43CU
00,4590
0,4940
0.5640
00,8790

0,8750
0,4650"

0.4900
0.,8500
00,1750
0.2000
00,4800
0,3100
60,3400
0,45G0
0.4700
0,0150

0,9400

TABLE 3.

280,0000
280,0000
280.0000
280,0000

280,.0000 .

280,0000
280,0000
280,0000
337.5000
337.5000
337.5000
330.0000
330.00¢60
343.1200
40,0000
0.,000C
270,0000
255,0000
315.0000
0.0C00
23,0000
240,0000
285,0000
240.0000
285.0000
15,0000
240.0000
345,0000
58.5000
58.5000
0.0000
58.5000
68,0000
68,6000
68.0000
68,0000
75,0000
75,0000
75,0000
15,0000
32,0000

32,0000

32.0000
32,0000
36,0000

32,0000

27.6000
0.00600
27.0000
18,0000
180,0000
0.0000
270,0000
270.0000
0.0000
0.0000
90.0000
280,0000

Continued

0.0000
0.0009
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0,0000

0.0000
0.0000

0.0000

0.0000
0.0000
0.0000
0.0000
0.,0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
-0.0009
6.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00090
0.0000
0.0000
0.06000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000
«0.1800
=0,1050
0.0000
0.,0000
0.0000
0.0000
0.0000

-1.0000

-0,9850
=U,9850

. =0,9850
~0,9850
-0,9850

-U,9850
~0,9850
-U,98590
=0,3R830
=0,3830

=0,3830.

-y ,5000
-0,5000
-),2900
00,6430
0,0000
-1,0000
-U,9660
-0,7070
G,0000
0,3910
-0,8660
-0,9660
-0,8660
-0,9660
0,2590
-0, 8660
=0,2590
U,8530
0,8530
0,0000
V,8530
0,9270
0.,9270
00,9270
U.,9270
V,96060
v.96060
0,9660
00,9660
00,5300
0,5300
00,5300
0,5300
U,b160
0,5300

V,4540

U,0000
U,4540
U,3040
0.0000
00,0000
-1,0000
-1.,0000
0.,0000
0.,0000
-~0,9511
V0000

0.1740
U.1740
0.1740
0.1740
0.1740
0.1740
0.17490
0.1740
-U.9240
0.9240
0.9240
0.8660
0.8660
0.9570
0.,7660
1.0000
0.0000
-0,2590
0.7070
1.0000
V.9210
-0,5000
0.2590
=0.5000
0.2590
0.9660
-0.,5000
0.9660
0.5220
0.5220
i.0000
V.5220
0.3750
0.3750
0.3750
0,.2590
0.2590
0.2590
0.2590
0.8480

0.8480°

0.8480
0.8480
0.7880
0.8480
0.8910
1.0000
0.8910
0.9360
=0,9950
1.0000
0,0000

0.0000:

1.0000
1,0000
0.0000
0.0000
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4064
4065
3066
" 3067
3068
4069
4070
4uU71
3203
3207
4186
5029
5032
5u35
5036
5037
5038
5039
5040
5041
50472
5043
5044
5181
5241
5259
5260
5053
5054
5055
5056
5057
5058
5056
5060
5061
5062
5549
5242
3243

0.5000
0.,5320
00,5000
0.,4420
0.4520
G.4500

"0.5560

0.4500
0.5280
0,5340
0.,5220
0.5250
0.612¢

0.5700 -

0.5000
0.,4750
0,4200
0.,5040
00,5120
0.,4920
0.5500
0.5600
0,5800
0,5560
0.5650
0.5640

0.4460

0.5340
0,4840
0.4880
0.5129
0.5180
0.4860
0,4440
0.5200
00,4620
0.5120
0.5129
0.5100

0.4120

. TABLE 3. Concluded
00,9460 180,0000
0.,9460 00,0000
0.9460 48,0000
0.,9470 35,0000
0.9460 42,0000
00,7530 0.,0000 -
0,7530 98,0000
0,7530 180,0000
0.7570 S0.0000
0,145%0 270.0000
0.962¢ 16,0600
0,0120 180,0000
c.,1871 180.0000
00,3329 180,0000
0,3328 251,4000
00,3328 270,0000
00,3328 288,0000
0,4179 2,5000
0.4103 2.5000
0.4244 2.5000
00,3515 25,0000
00,3831 270.0000
00,4090 130,0000
0,0574 37.7G00
0,0560 31.310u0
0.4730 37,5000
0.,4710 35,0000
0,3690 23,0000
0.3620 25,0000
0.5450 27.5000
0.8600 37.5000
0,4350 0.0000
90,3328 270,.G000
0.9070 320,000U0
00,9379 17.0G00
0,931V 33,0000
0.9070 25,0000
U.8%09 32,0600
0,0400 180,0000
G,0000 90,0000

-1,0000
~1.0000
~1.0000

0.0000
-1.0000
-1.,0000
-1.0000
"1.000\)

-1.000'\) !

-0.,5000
~0.4435
=0,6350

0.0000
0.0000
0.0000
0,0000
0,0009
0.00090
0.0000
0.0000
0.000V
0.0000
=0,7350
-0.8240
0.0000
0.0000
-0.,4300
«0.,6000
0.0000
0.0000
-1.,0000
-1.0000
-0,4820
«1.0000
~1.0009
=1,0000
0.0000
«0.,5R70
-1.0000

00,0000
V. 0000
U,U000

. =0,5736
0.,0000

0,0000
0,0000
- 0,0000
0, 0000
- 0,8660

05,0000

U,000V0
0., 0000
V.u000
-0,9440
=-1,0000
-U,9480
0,0440
0., 0440
00,0440
U.4230
=1,0000
0.,0000
00,4150
U.4960
U,6090
00,5740
-0,7979
V,3380
00,6090
U.6090
0,0000
U, V000
00,0000
U, 0000
U,00u0
00,0000
0,95300
0.0000
00,0000

0,0000
0,0000
0.0000
0.8192
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0,8963
=0.7730
=0.9900
=1.0000
=0.3190
0.0000
V.3190
0.9990
0.9990
0.9990
0.9060
0.0000
=1,0000
0.5370
0.4830
0.7830
V.4240
0.7250
0.7930
0.7930
0.0000
0.0000

S 0.8760

0.0000
- 0,0000
0.0000
0.8480
~0.8090
0.0000
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Gage
T/C Nq.

3001
3002
3003
3004
3005
4013
4014
4015
4016
4017
4018
4019
4020
4021

© 4023

4024
4025
4026
4027
3224
3226

. 4208

4409
4210
5030
5031
5033
5034
5246
5247
5249
5045
5046
5047
50458
5049
5U50
5051
5082
5249
52450
5¢51
5252
5156
699
115
5072
5073
5074
5075
5076
5077
5078
5079
5080
5081
5082

TABLE 4. Pﬁase B Instrumentation and Constants

Skin

Thickness

(in.)

00,0295
0.,0300
0,030¢
0,0290
0.0290
00,0285
0,0285
0.0290
0,0290

0.0295

0.0296
06,0295
0,0290
0.031¢
0,G315
0,030C
00,0300
00,0295
0.,6G300
0,0324
0,0290
0.0300
0.,0290
0.,0290
0,0315%
0,0324
00,0325
0.032¢0
0,0314
0.0324
0,0290
0.,0315
0.,0305
00,0325
0,0323

0.,0300 .

0.0300
0.,03006
0.,0305
00,0300

0.0300 .

0,031¢
04,0327
0.0331
0.0326
0,0326
0.0400
0.0400
0,0400
0.,0400
0,0400
0,.0400
0.0400
0.04090
00,0400
0.,0400
0.0400

X/L

0.1990
0.1990
0.1990
0.4980
0.4980
0.0000
0.0081

10,0497

0.0503
0.0578
0.057%
0.0656
0.1086
0.1086
0.1265
0.3906
0.5990
0.5990
0.5990
0.0d62
0.1086
0.0462
0.0462
0,0462
0.,0760
0.0760
0.1871
0.,2700
0,0760
0.1871
0.2700
0.6295
0.6295
0,9078
0.9156
0.9275
0.9373
0.9373
0.9373
0.4350
0.4440

10,6300,

6.8370
0.0507
0,0500
00,0500
00,2900
00,3000
0,3100
0,3200
0.3300
00,3400

00,3500

0.3600
0,3700
0,3850

0,3950

9
(deg)

90,0000

135,0000
180,006G0
90,0000
180,0G0LC
G.0GCL0
0.,0C00
54,0600
74,0000
180,0000
352.06000
72,0000
0.0000
45,0000
46,0000
260,0000
00,0000
99.,00u0
279,00600
45,0000
90,0000
6,0000
90.00060
270.0000
174,0000
264.0000
270,0000
270.0000
25,0000
8.2500
0.0000
172.5000
264,4000
168 ,68000
5.6000
356,3000
5.,6000

276,0000°

340.0000
0.0000
35R, 0000

352.5000

310.0000
25,0000
29,8000
37,7000

280.0000

280,00060

280,0000

280,00600

280,0000

280,0000

280,0000

280,0000

280,0000

280,0000

337.5000

Ny
0.0000

0.0000
0.0000

0.0000
0.0000 .

-1,0000
-0.3090
'003090

-0.3090 ’
T=0.3090

=0.3090
=0,3090Q
=0.3090
-0,3090
0.0000
0.0000
0.0000
0.0000
0.0000
-0.3n90
=-0.,30%0

.=0.3090

~0.,3090
f0.3090
-0,4799
~0.4790
-0.1440
0.000C0
-0,4790Q
-0,1440
0.0000
00,0000
0.0000
00,0009
0.0000
0.00n00
0.0000
0.0000
0.0000
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0.0000
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Ny
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00,9140
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-0,9877
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V.0994
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-U,9511
0,0220
-0.8730
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0.4200
00,1420
0,00u0
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-0,0650
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-(,9950
-0,3320
0,0000
-0,0350
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-0,7660
90,3520
00,4130
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-0,9850
~0,9850
-0,49850
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«-0,9850
-0,9850
-0,9850
-0,9850

“0,9850
. =0,3830

Nz
0.0000
-007070
-100000
0.0000
-1,0000
=-1,0000
0.9510
0.5590
0.2621
-0.49511
0.9418
0.2939
0.9511
0.,6725
0.0947
~0,1736
1.0000
-0.1564
V.6725
0.0000
0.9458
0.0000
0.v000
-0.8730
-0.0920
0.0000
0.,0000
0.,7710
0.,9790
1.0000
-0.9910
-000980
-0.9810
0.9950
0.9980
U.9950
U.1050
0.9430
1.0000
V9990
0.9910
0.0430
0.7540
U.7210
0.6570
0.1740
0.1740
0.1740
0.1740
0.,1740
U.1740
0.,1740
0.1740
0.1740
U.1740



5083
5084
5085

5086

5087
sugs
5096
5097

635
5u99
5100
5101
5102
5103

696
5104
51¢5
5106
- 5107
5108
5109
5110
S111
5112
5113
8114
5115
5118
5119
5120
5121
5122
5123
5124
5126
5127
5128
5129
5130
5131
5132
5133
5134
2072
5502
2073
5504
2074
5506
5508
5512
5513
5515
5516
2085
5518
5519
85501

0.0305
0,0305
00,0400
0.0400
0.0400
0,0400

"0,0300

0.0300
0.,0295%
00,0295
0.0295
0.0320
0.0320

0.,0320 -

0.0320
0.,0310
00,0305
0.,0300
0.0300
0.0290
06,0329
0.,0329
0,0310
00,0285
0.0305
0,0329
0,0330
0.,0305
0.,0310
0,0285
0.0305
00,0305
00,0335
0.,0337
0.0290
00,0340
06,0340
00,0339
0,0300
0.0339

0,0340

0.0D338
0.0280
60,0400

0.0400

0.0400
0.0400
00,0400
0.,0310
0.0305
0.0310
0.,033¢
06,0315
0.,0315
0.033%

-0,0305

N,0330
00,0325

TABLE 4.

0,4700
0.5000
0,3950
0,4310
0,3950
0.3900
0,5500
0.5500
0.,5500
0.5500
0.5500
0.5250
0,6250
0,.6250
0,9260
00,6250

06250

06,6650
0.,6650
0.6650
0.8800
00,8800
0,9380
00,9380
0,9380
0.880U
0.8800
0.,9260
0,9260
0,9380
,2380
0,9380
0,8000
66,8400
0,9260
0.,68000
0,8400
0.8800
0.9260
0.6000
0.,8400
0.8500
£,9260
(G.4200

0.4250
0.4300°

0.4300
0.4510
0,4590
0,4940
0.5560
0.5640
0.,5910
00,6000
0,6260
¢.6340

0,6610

Continued
337.5000 00,0000
337.5000 0.0000
330,0000 0.0000
330.,0000 0.0000
343,1200- 0.,0000

40,0000 0,0000
17.0000 0.0000
11,8000 0.,0000
00,0000 0,0000
348.,0000 0.,0000
337.5000 0.0000
17.00090 0.0000
11,8000 0.0000 .
0.0000 0.0000
17,0000 0,0000
348,0000 0,0000
337.5000 0.0000
337.5000 0.0000
330.0000 0.0000
315.0000 0.0n00
270,0000 00,0000
255.0000 0.,0000
315.0000Q 0.0000
00,0000 0.0000
23,0000 0,0000
240,0000 0.0000
285.,0000 0.0000 -
240,0000 0.0000
285,0000 00,0000
15,0000 0,0000
240,0000 0.0000
345,0000 0.0000
58,5000 0.0000
58.5000 0.0000
58.5000 0,0000
66,0000 0,0000
68,0000 0,0000
68,0000 0.0000
68,0000 0.0000
75,0600 0,0000
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75,0000 0.,0000
75,0000 0,0000
36,3200 0.0000
32.0000 0.00C0
36,3200. 0.0000
32.0000 0.0000
36,3200 D.0000
32,0000 0.0000
32,0000 0.0000
32,0000 0,0000
32,0600 0.0000
32,0000 0.0000
32,0000 00,0000
33,7500 0,0000
32,0000 0,0000
32.0000 0.0000
38,0000 0.0000

=-0,3830
-0,3830
~0.,5000

- =0,5000
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V.6430
0,4920
0.3390
00,0000
=0,2080

-0,3830

00,2920
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0,0000
00,2920
-0,2040
-J,3830
-(,3830
00,5000
-0,7070
=3.0000
-0,96060
-u,7070
0,000
0,3910
-U,8660
-0,9660
~-0),8660
=-0,9660
0,2590
-0.,8600
-0,254%0
V,8530
¢,.,8530
00,8530
0,9270
00,9270
00,9279
00,9270
U,9660
0,9660
U,9660
0.9660
00,5920
00,5300

U,5920

0.5300
0,5920
00,5300
U.5300
0,5300
0.5300
0,5300
00,5300
0,5500
00,5300
0.,5300
U.6100

0.9240
0.9240
U.8660
0.6660
0.9570
0.7660
0.9560
0.9410
1.0000
0.9780
0.9240
VU.95060
1,u000
0.9560
0.9780
0.9240
0.9240
0.8660
0.7070
0.0000
'002590
0.7070
1.0000
V.9210
=0,5000
0.2590
-0.,5000
0.2590
U,9660
0.,9660
0.5220
0.5220
V.5220
0.3750
0.3750
V.3750
0.2590
0.2590

0.24590

V.2590
V.8060
0.8480
g.8060
0.8480
0.8480
0.8480
0,8480
0.8480
0.8480
0.8480

0.8310
U.8480
U.,8480
V.7880

53



5520
5503
5521
5505
5522
109
5507
5523
5524
5525
5509
5526
5511
5527

110

126
5528
5529
- 5530
5531

111

127
5533
5534
5535
5536
5537

- 2055

2056
5538
5539
K253
5254
5¢57
5258

0Zé

628

©29

v31

632

633

634
2008
2149
2145
21456
3261
4063
4064
4065
3066
3067
3068
4069
4070
4071
3203
3207

10,0330

0,0325
0,0330
0.0320
0,0320
0.,0341

0.0320

00,0320
0,0337
0,0337
0,033¢
0.0337
0.0339
00,0338
0.0339
0.033¢9
0,0337
00,0343
0.0337
G6.0336
0.0336
0.0336
0,0338
0,0337
0.0338
0.0310
0.0310
0.03‘4’5
0,0345
00,0343
0,0341
0,0321
00,0323
0.0325
0.,0315
00,0320
0.031¢
0.,031¢
0,0310

0.0310

0.,0310
00,0310
(,0310
0.0300
0.0295

0.0306

0.,0322
0.5040
0.5000
00,5320
0.5000
0.4420Q
0.4520
0,4500
0.5560

-0,4500

0.5280
0.5340

TABLE 4. Continued

0,6610
0.6690
0,6690
0.696U
0,6960
00,7000
G,7040
0,7040
G.,7390
0,7390
0,7660
0.7¢60
0,77490
0,7740
0.,8000
0.8000
00,8010
0,8090
0.8360
0.8440
60,8700
0.,8700
0,8710
0.8790
0.8790
0.4590
¢.,4650
0.,8400
00,8500
0,8440
0.8500
0.1750
0.2000
0.3100
0,3400
0,0449
0.,4500
00,4550
00,4700
0.4800
0,4900
0.5000
0,5810
00,9260
0,9300

-0.9300
0.0150°

0.9460
0,9460
0.9460
0.9460
0.9470
0.9460
0.7530
0,7530
0,7530
0.7570

0,1450

32,0000
38,0000
32,0000
38,0000

32.0000 -

29,8000
38,0000
32,0000
38,0000
32,0000
38,0000
32,0000
38,0000
32,0000
29,8000
37,7000
32,0000
32,0000
32,0000
-32,0000
29,8000
37,7000
32,0000
38,0000
32.0000
27.0000
27,0600
45,0000
45,0000
27,0000
27,0000
18,0000
10,0000
270,0000
270,0000
0.,0000
0.0000
358,0000
00,0000
00,0000
0.0000

0.00090.

31,4300
289,4000
2894000

270,0000,

90.0000
280.0000
180,0000
00,0000
48,0000
35.0000
42,0000
0.0000
98,0000
180.0000
50,0000
270,0000

0.0000
0.0000

0,0000

0.0000
0.0000
0.0000
0.0000

0.0000
0.0000

0.0000
0.0000
0.0000

0.0000 .

0.0000
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
-0,0000
0.0000
0.0000
00,1800

0.0000
0.0000
0.0000
0.0000
0.0000
0,0000
0,0000
0.0000
0.0000
0.0000
00,0000
0.0000
0.0000
=0.3090
~1.0000
~1.0000
-1.0000
=1.0000
0.0000
-1.,0000
"'1..0000
-1,0000
=1.,0000

C=1.0000

-0.5000

00,5300
V.pbl00
00,5300
00,0160

00,5300

0.4970
U,0160
0,5300
0,0160
-0,5300

0,6160-

00,5300
U.0100
0,5300
U.4970
0.6120
U,5300
0.5300
v.5300
V.,5300
0,4970
0.6120
U,95300
V,6100
U,5300
0,4540
0.4540
VU,7070

U,7070

U,4540
0,4540
U,.3040
U,0000
-1.0000
-1,0000
V,0000
0,u000
-0,3500
0,u000
0,0000
v,u000
0,0000
U.5210
-0,9430
-0,%430

-1,0000

-U,9511
0,0000
0.0000
0,0000
0.0000

=0,5736
V,0000
V,00u0
V,0000
00,0000

0,0000

U,8660

0.8480
v.7880
0.8480
0.7880
0.8480
0.8680
0.7880
V.8480
0.7880
V.5480
0.7880
U.8480
00,7880
0.8480
0.8680
V.7910
0.8480
U.8480
V.8480
0.8480
V.8680
0.7910
V.B8480
v.7880
V.8480
V.8910
0,8910
0.7070
0.7070
0.8910
0.8910
0.9360
=0.9950
0.0000
0.,0000
" 1.0000
1.0000
1.0000
1,0000
1.0000
1.0000

1.0000

0.8530
0.3320
0.3320
0.0000
0.0000
0.0000
V0000
0.0000
0.0000
0.8192
0.0000

00,0000

0.0000
0.0000
00,0000
0.0000
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4186
5029
5032
5035
5036

- 5037

5038
5039
5040
5041
5042
5043
5044
5241
5259
54260
5053
5054
- 50558
5056
5057
5058
5059
5060
50€1
5062
554¢Q
524472
3243
4187
4168
4190
4191

0.5220
0.5250

0.,6120

0.5700
0,5000

.0.4780

0,4200
0.5040
0,5120
0.4920
0.,5500
0,5600
6.5800

G.5650

0.5640
00,4460
0.5340
0.4840
0.4880
0.5120
0.5180
00,4860
0.4440
0,5200
0.4620
0.512¢
0.5120
0.5100
0,4120
0.5150
0.6180
G.6480
0,5250

TABLE 4.

10,9620 16,0000
0.0120 180,0000
0.1871 180,0000
0.3328 180,0000
0,3328 251.4000°
0.3328 270.0000
0.3328 288.6000
0.4179 2.5000
0.4103 2.5000
0.4244 2.5000
0.3515 . 25,0000
0.3831  270,0000
0.4090 180,0000
0.6560  31.3100
0.4730  37.5000
0,471G 35,0000
0.3690 23,0000
0.3620 25,0000
0.5450 37,5000
0.8000 37,5000
0,4350 0.0000
0,3328 270,0000
0,907V  320.0000
0,9370 17,0000
0.9310, 330,0000
U.9070  25.0000
0,8500 32,0000
0.0400 180.000U
0,0000  90.0000
0,9600 314,480
0,9540 292.5900
0,9600 88,8000
0.9540 247.1000

Concluded

=0.4435
-0.6350

-0. 1440

0.0000

0.0000

0.0000
0.0000

0.0000
0.0000 .

0.0000
0.0000
0.0000

0.0000 -

T w0,8240
00,0000
0.00C0O
=0.,4300

0.0000

0.0000
-1.0000
~1.0000
-0.4820
-1.0000
-1,06000

R "'1 .OOOU

0.0000
-0,5870
-1,0000

0.0000
-1.0000
-0.3201
-1.0000

0.0000
0U,V000
U,0000

T 00,0000
- =0,9480

-1,.0000
-0,9440
00,0440
00,0440
- UL,0440

0,4230

-1,0000
00,0000
U,2900
0.,06090
U.5740

'0.7970
V.,3380
00,6090
0.0090
0.0000
0. V0U0
V,.0000
0., V000
V,0000
0,0000
0.5300
0,000
U,u0u0
0.,7036
00,0000
0.9472
V,0000

0.8963
"007730
=-0.9900
=1.0000
=-0.,3190

V.0000

03190

V.9990

U.9990

0.9990

0.9060

0.0000
-1.0000

0.4830

0.7830

0.8190

0.4240

V.7250

0.7930

0.,7930

0.0000

0.,0000

0.8760

0.0000

V.0000

0.0000

0.8980

0.0000

0.0000

0.7106

0.0000

U.0198

0.0000
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TABLE 5. Schmidt-Boelter Gage Calibration Constants

 GAGE SENSITIVITY TO INCIDENT RADIANT FLUX

(ABSORPTIVITY = 0.97)
c. ' C.
. SENSITIVITY : . SENSITIVITY
GAGE No.  mv/Btu/ft2sec ' GAGE No. mv/Btu/ft2sec
5062 ’ .512 5044 .580
5061 . .462 5054 .484
5035 ' .570 3203 : .528
5032 .612 : 4071 ) .450
5036 .500 5058 .486
3207 .534 5242 ‘ .510
4188 .618 - 4191 .525
5042 . .550 3068 .452
3243 . L4112 , © 4187 .515
4186 .522 ' 5060 .520
5540 - .512 : B - 3066 .500
5053 _.534 . 4190 .634
4069 .450 S 5241 . - ..565
5037 ‘ © o .478 ; ' 4064 . .500 -
5059 .444 . 5057 .518 -
5056 .512 - , 5029 . .525 ' :
5055 .488 , 5181 .550
3067 .442 , 5041 .492
5039 .504 : 5040 .512
5260 _ .446 5259 .564
. 4070 .556 : 4063 .504
5038 . - .420 ‘ : - 5043 .560

4189 .545 o 4065 .532
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i< LEEF  /DexTER WoN§ LO =0T N, &A:M/Kw,l\)u T
Run Configuration Beten M PT JT | ALPHA BETA DCC\'\‘\" DELTA‘ Deaa
Code 210% _ | P i e | e FDC“.G) (Aem Ir%ﬁ Rematks
— /
22 1 0T5+TvVe 40040073 (270 O 1O O | Ol TRIPs OFF SRRs
B4 [ oTaATH1VC ) 1O ITR1Ps Reacikc o) SRBS
K5 _ S5 |3.00 52 220

GC«184 ISUPERSEDES vR-2i 3/89

Al AFRC Te

'''''
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) TABLE 7. Photographic Summary
Camera Camera Type Type Photography Ro11 No. Run No.
1 Varitron 70 mm  ~ Shadowgraph 0521 1 -39
Still ‘ Co
0518 .40 - 63
’ 70 - 85
Color Schlieren 0508 64 - 69




APPENDIX III
REFERENCE HEAT~-TRANSFER COEFFICIENTS

In presenting heat~transfer coefficient‘results_it is convenient -
to use reference coefficients to normalize the data. Equilibrium stag-
nation point values derived from the work of Fay and Riddell* were used
to normalize the data obtained in. this test. - These reference coefficients
are given by:

0.25

8.17173(p12) /20wty 04 (1 - Bx1  10.2235 + (1.35 x 10°) (TT+560) ]
. PT2
H(REF) =
1/2 .1
(RN / (T'r)o 5
and
H(REF) - |
SIFR = (RiO) (V) [0.2235 + (1.35 x 10”°)(TT + 560)]
where N
P12 Stagnation pressure downstream of a
normal shock wave, psia
MUTT Air viscosity based on IT, lbf—sec/ft2
P Free~stream pressure, psia
TT- Tunnel stilling chamber teﬁpetature, °R
RN Reference nose radius, (0.0175 £v)
RHO Free-stream density, 1bm/ft3
\'4 Free-stream velocity, ft/sec

*
Fay, J. A. and Riddell, F. R. "Theory of Stagnation Point Heat Transfer
in Dissociated Air," Journal of the Aeronautical Sciences, Vol. 25, No,
2, February 1958.
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APPENDIX IV

. SAMPLE TABULATED DATA
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L9

AEDC DIvISION

VUK KARMAN C
ARNULO AIR 1+
HASA/R] IM87 HEATIMG 1EST

3002

3003 -

Jvo4 -

3005
3006
3007
3008
3009
3010
3011
3012

4013
40143
4015
4016

4017

4018
4019
4020
9021
4023
4024
4025
4029

4027

. 4028

3224

3226
3221

.. 3228

3229
3230
3231
3232
3233

- 3234

3235

4

DINAMICS FACLILITY
CE& STATIUN, TENNFESSEE

MIVEL
6G=0ls

PAGE 1
RUN  PHASE
2 A
T '
"(DEGR)  (P514)
240,99 0,910
"TC NO T4 DIW/OT

(DEGR) (DEG/S)

512,3
513,95
511.5
$20,9
530,7
570,11

526,%°

S44,3

.857,8

551,62
533.3

" 554,9

545,0
530,7

535,4

$30,9
55,1
525,2

530,2°

S¢1,4
5¢d, R

97,6 .

520,0
S21,1

512,1

552,86

$28,8
502,5
5u5,0
517.2
504.,1
$u3,5
S507,0
514,8
520,1
531,86

$83,9

3. 1

1,309 -

2,686
‘3,672
5,304

4,560

. 3.549

1,239
2,152
54511
64398

15,713

16,026

12,07%

13,723

12,734
9.313
9,119

11.33U

11,851
Te117
3,977
5,505
1.966
3,560
6,650

16,543
20,093
$.139
56527
3,202
3.321
3.63%
3,494
S.186

3,263

. 8,510

-
(pS4a)

.MACH WO
3,01

v
(FT/SEC)
2293,

anoT
BTt/
FTl2eS) .

4,997 =01
5,846t=01
3,339 01
4.724E=01
6,85RE-01
6,349F 0]
4,578E~01
l.’PUE'O‘
3.0‘15'.":"01
Te449E =01
8,569E=-01

2.052E¢400
2.0515*00
1.,561E400
$.775E+00
1.084E+00
1.278F 400
1, 196E+0D
1,472E¢00
1.635F«00
Q. 566 =01}
§.22%e01
7434bE=01Y
2.573F=0f
4,743E<01
9,595kt

2.337E+00
2040400
S,373E=01
T.096F =0}
4,033Fe01
4.527L=01
5.2]9E-01
4,4R(F=u]
6,554E-01
44294E=01

1.133E000

calol SwTVEL,

TIME COMPUTED

$7ivolle

DATE RECOKDED 318-UCT=32

TimeE KECORDED
PROJECT NUMBER V4

.

PT,PSIA  TT,DEGR ALPHA=SECTOR KOLL*SECTOR ALPHA - YAWw
33,9 e11,? 0,02 Vel «0,02 0,00
RHO My RE H{REF) STFR DELTAE DELTBY
(LBM/FT3) (Lp=SEC/VT2) (FT=1) LRN® LVI73FT) (RNE LUITSFT) .
101902 1.932E«07 3.751E«00 Se285Eeu2 9,421k«03 10, 0,
H(TT) H(TY) H{.95TT) nl.951T) R HORTT) H(RTT) THERMOCOUPLE
CBTUZFT2= JHREFY (BTU/FT?= /Hhee BIU/FT2e /hREF LOCATIONS
SeDEGR) SeUEGR) S*DEGR) X/6 THETA
) . . ' R/ SRB
3,021E=03 0,0572 3,7999F=03 0Q,0719 Ve¥34 4,1414F=03 0,0784 ve199 135,000
3,561E=U03 0,0074 4,487HFE=03 0,008y V., 934 4,4952t=03 0,0926 V199 380,900
2,070F=03 0,03%2 2,53995=03 0,0492 V934 2,8320F=03 0,0536 0e498 90,000
3,013E=03 0,0597u 3,B8430Feld 0,.0121 Ue¥38 4,2347k=03 0,0798 0,498 180,000
4.,6676e03 00,0863 6,00h32003 0,114 V934 - 6,7099E=03 00,1270 064692 90,000
6,347t=03 0,1201 9.,57225r=u3 0,300 V940 §,0627+«02 00,2011 0.974 4,000
3,338E203 0,0032 4,31Rer=03 0,0017 V%40 4,5999YE=03 0,0870 0.988 90,000
1,3358=03 00,0253 1,7903F«03 0,033y Ve340 $,9209F«03. . 0,1365 V938 135,000
2,515E=U03 00,0476 3, 5061F=03 0,0063 Vo934 4,VU119E«03 0,u759 ~ U.989 182,000
5,891E=U3 0,1115 B, 08H2F=03 0,1523 U930 B,7114E=03 0,10648 0,988 270,000
$,936E-U3 0,1123 7,757T3F=03 0,1460 V,940 '8,2B54E=03 0,1568 U,998 53,000
. : L/n SRB
2,211LeU2 0,4184 3,48308=02 0,659} 1,000 2,2118E«02  0,4185 V,000 0.000
1,546 002 0,2926 - 2,0760F=02 0,.3¥29 Ve¥3Y 2,2427E«02 0,4244 0e0UB U,000
3,062L202 00,2010 $1.,3803F=02 0,2012 Ve939 1,48759E=02 00,2793 0,050 54,000
1,250b=U2 06,2305 §,6406Fen2 0,3104 0.939 1,75Y4E«02 0,3329 0,050 74,000
$.,231Fe02 00,2329 1,63595=02 0,1U98 0.¥39 1.,7614E«02 0,3333 V.058 18U,000
B,377E«03 40,1508 1,07688e02 0,2¢3m V939 1,1476E=02 0,2171 Ve058 352,000
T.H41E=LI 00,1484 1,00R1Fe02  0,3¥0p Ve939 J,0T744E=02 0,2033 VoG 72,000
9,900keU3 U inEY  §1,295EFe02 00,2952 Vo939 1,3850E=02 042021 0e109 0,000
1,U8HE=02 0,2099  1,4040F=02 0,2050 0939 1,49HYE-02 00,2836 Q.309 45,000
©,521E=03 0,1234 B,37ROF=03 0,158% Uey3d  9,2193E=03 0,1744 W.126 40,000
2,904r=03 00,0549 3,5767F«03 0,077 V.938 3,8632L=03 00,0731 0,391 260,000
4,842E-03 00,0916 6,2351F«u3 0,118y VeY34 6,86781E-03 00,1299 0,599 04000
1,643R=03. 00,0311 2,0951F=03 00,0397 . Vo934  2,2992E-03 0,0435  G.599 99,000
2,864E«u3 00,0542 3,60n7c=03 0,08H} V934 3,9237E«03 0,0742 0,599 279,000
7,082E=03 00,1454 3,05426«02 0,199 V940 1,1425E«02 0,21062 Qe954 18,000
2 . SRB ACREAGE
1,603t0=02 0,303% 2,0763F=02 00,3929 Vo939 2,2375E-02 00,4198 U U36 45,000
2,291Le02 0,4330 3,240UF=02  0,61482 V,939 3,5673Ee02 00,6750 0,109 90,000
3,112¢e03 0 U589  3,8720003 0,0734" Ve¥3i: 4,4002E-03 0,0795 0,150 160,000
4,421FEeu3  0,0037 S5,.6043F«03 0,1ubv U934 6,1291E=03 0,1160 0.352-344,000
231203 00,0437 2,8724F=03 Q,0544 Ue¥34. 3,1341E=-03 0,059 Vel0H 105,000
2,600E=03 0,0492 3,2276F=03 O,uvol} V.¥34 3,498UF=03 0,062 U162 324,000
3,057Ee63 0,057 3.B141Fe03 0,01722 Vo934 4,1423F=03 00,0784 Vel6S 330,000
2,7S50E=63  0,0520 3,4723p=03 0,0057 - . Vev34 3. 7909E=03 U,0717 V4239 135,000
4,1S58E=03 0,u787 5,2972F=03 0,1v02 Ve¥3I4 S5,4U59E«03 00,1099 Ved24 180,000
2,940E=U3 00,0550 3 B8250E=03 00,0724 Vo934 4,2377E=03 10,0802 Ve609 380,000 .
. ’ ' SRB ACREAGE
9,14TE=U3  0,3738 1,2592E=02 0,24R3 Vo934 1,4319E-02 0,2709 0742 0,000
Skin Thermocouples

Thin

14313259
A=1X

DELTISH
LD

SKIN
THICKNESS
. (IN)

0,040
Vo0V
Q.u4dy .
0,029
Oev2y -
0,038
V.02
P.032
0,043
Q.030
0,030

* Q029
0029
0.029
0.029
QeU2Y
QeVLY
Qo029
Ue0ZY
UVeUJ42

- Qa032
0,030
04030
0,029
VU3V
0.032

"04u32
0,029 "
0.029
0,029
0.029
0.U31

S RE)

0,049

0,u2y

0,029

‘04049



5044

YON KakaAWw GRS DYKAMICS FACILETY
ARMOLL ATR FOKCE STATIOW, TEMIESSEE
NASA/ZHI 1M97 HEATING TEST

.

PAGE o -
RUR PHASE MDOEL  MACH ND
2 A 60-0rs 3,01
T [ 4 ] v
(DEGHR) . (PSIA} (PS13) (FT/SEC)
240,99 0,920 5,773 2291,
GAGE 84U TW uhot
{(DEGR) (8ru/s .
FT2«S)
4063 543,.8 | 2.546Le00
4064 S57,.7 TIN0FE=0Y
4065 S4%,4 Tt 2.335Ee00
3066 540,9 - - . 2.603Ee08
30067 554,2 4,173Le0}
J06R  548,2° 5 T 940208002
4069 S30,3 e 44179Re00
4070 581,.7 ' "1.,015ke00
4071 S39,5 - 2.014F400
3203 S51%,0 7.637€¢00
3207 S34,3 3,202E400
4186 Sin,8 4,561E400
5029 So67.,8 * 6,079H400
5032 So1,.1 e T 14073Ee00
5035 S02,7 4.525L001
5036 557,)3 1.493F¢00
5037 S80,0 2,030H¢00
5038 S98,2 1553400
S039 "S40,9 ~ 1.323Le00
5040 535.4 1,030E400
5041 " 549,7 1,432k000
5042 S11.4 4,155k001
5043 5313.4 3.161t.01
- 508,0 3.803F=01

PT.PSIA
33,9

RHU
(LB~/FTI)
1.019Fe0

H(TT)
(K1U/FT2e
SeCEGR)

$1.904F=02
6,090t=03
1. FUGE=02
1,903t=03
3.379k-0)
€& ,900F03
2.,836te0?
1., 058Le02
1, HY2E-(G2
T,721F=02
1.,901E°02
3,501v«02

5.531E=02
¢,073Ke03
2.556E=03
1.240E=02
2,078F«02
1.,300E=02
9.674E«03
7.245E=03
1.11RE=02
2,498E=03
1.,925E=03
2,242E-03

TT+DEGR ~ ALPHA=SECTOR HOLL*SECTOR ALPHA YAW
077.7 o0, 02 Vo0 - =0,02 0.00
RE H(KEF) STFR
(Ly=SEC/FT2) (Fr=1) (RNE LULTS5FT) (RKS (017SFT)

2 1.932E07 3,151F¢00 S.285E=02 Q,421£-03
HOTT) H(.95TT) H{.95TT) [ HLRTT) H(RTT)
JHREY (B1U/FT2e /HPEF BYU/FT2=e . JHKEF
. SeDEGR) S=DEGR)
043603 2,5497F«02 0,4424 1,000 1,9041F«02 0,3603
0,1152 PL4861F=03 0,30600 1,000 ©6,U9C3E=03 0,3152
0,3417 2,45476ce02 (4,403} 1,900 1,8061F=02 u,3417
0,360 2,5298F=03 0,047y 1.U00 1,9Y030FKe03 00,0360
00,0039 4,6569F=003 (Q,0u8}) Ue¥34 5,2940E=03 10,1002
00,0132 9,4343r=04 0,0179 1.000 6,9657e£=04 0,01132
0,5366 J3,66256-02 0,6960 1.U00 2,P35bFE=02 0,5366
00,2001 1.,06339F«02 04,3094 1,000 1,U576E=02 ¢,2001
0,3%HU 2,50h8FE=02 (0,47483 1,000 1,8920E=02 0,3580.
1,901} 1e1761Fei} 22454 1,000 Te7214E=02 1.4011
0,3710 2,474UF=02 0,408} Vo949  2,3907E=02 0,4713
00,6025 4,72456=02 0O,89480 Vo945 3,6827E202 00,9239
1.0060 7.9963?’02 iosl,‘ “.959 7.4225h‘02 1.4065
0,1139 7,.5148F=03 0,1422 Ve935 8,0915K=03 0,3531
0,0469 3,2077F«03 00,0007 Vo234 3,374b203. ¢,u658
0.2340 1,7255F=02 0,326% Ue93d 1,.9727F=02 00,3733
04,3932 3,1%09Ee02  (0,6U1Y Ve¥34 3,d8319H=02 00,7251
00,2460 1,F1347Fe02 0,3434 U934 2,0779F«G2 00,3932
0,1831 1,2860F=U2 0,2433 0,934 " 1e8375E-02 00,2720
041371 9.5104F=03 0,100y Ve¥3d 1,0566F=02 04,2000
0.2110. 1,52098=02 - 0,287 Ve934. 1,7189E-02  0,3252
0,0473 3,13765«03 0,094 Vo938 3,41745e03 00,0547
0.0366 2,4238E=03 0.045%9 Vo934 2,6448LE=03 10,0500
00,0424 v.934 0,0576

Schmidt-Boelter

2,8013E=03

9.0530

Gage

3,0445E-03

TEHE COMPUTED 17300621y
DATE KECORDED 18-0CT=w2
TIYE RECORDED $4313:5S
PrOJECT WUMBER V4 A=31X

CELTAE OELTBF DELTSY

.10, 0, U,
THERMOCOUPLE
LOCATIUNS

X7L  THETA
PRUTUBERANCE
0e946 200,000 -

0,946 180V,000 , -
0.946. 0,000 :
VeY46 48,000

0.932 35,000

Ue946 42,000
L0753 0,000
04753 98,000
0.7%3 1B0U,000

0,757 50,000

0,145 270,000 °
0,962 16,000 X
ET DFl LUCATIONS °
V.012 180,000 -
0.187 180,000 .
Ve333 180,000

0e333 251.400 .
0e233 270,000

06333 288,600
00438 - 2,500

0,410 2,500

0e424 2,500

0,3%2 °25,000
0,383 270,000
04409° 180,000 -

SKIN
THICKNESS
(IN)

'



